A marked trend in the motor industry in recent time has been the tendency to reduce vehicle weight, governed by the increasing requirements to minimise the ecological impact of motor transport. In this context, researchers are obviously interested in improving the properties of the polypropylene compounds most widely used in the manufacture of motor vehicle components, especially in terms of increasing their melt flow while keeping their other basic characteristics at a high level.
High flow of the material makes it possible, by using modern advances in high-precision casting technology, to lower the weight of structural components considerably.
The generally accepted method for producing modern high-impact motor compounds is to use special grades of block propylene ethylene copolymers produced by multireactor production layouts, with a melt flow index (MFI) ranging from 50 to 150 g/10 min. The necessary level of flow in these polymers is ensured at the stage of homopolymerisation of the propylene -a product with a very high MFI value is produced. At subsequent stages, an elastomeric propylene ethylene copolymer is produced, the quantity and characteristics of which determine the morphology and ultimately the high-impact properties of the target product. It must be noted, however, that the complex polymerisation technology described above is nevertheless not able to ensure high-impact properties of the block copolymer at the required level for modern bumper composites. Therefore, indispensable additional components of these composites are ethylene α-olefin (for example, 1-octene or 1-butene) elastomeric copolymers. Very fine grades of talc are used as mineral filler [1] [2] [3] .
At the same time, in the development of the examined composites, the potential of methods of reactive compounding of PP/EPDM blends has remained virtually untapped. The high effectiveness of these methods in terms of increasing the compatibility of components and producing high-flow blends with increased impact strength is clearly indicated by data from elsewhere [4] [5] [6] .
The absence in Russia of plants producing block copolymers similar to those described above and producing ethylene octene/butene thermoplastic elastomers makes it particularly urgent to search for alternative technologies for producing polypropylene composites of motor vehicle designation with the required combination of properties on the basis of commercially available feedstock -base polypropylene produced in Russia, compounded with mineral and elastomeric filler.
The aim of this work is to find ways to produce highflow (MFI no lower than 20 g/10 min), high-impact mineral-filled polypropylene composites (Izod impact strength no lower than 500 J/m at 23°C) by methods of reactive compounding, in particular the highly productive method of reactive extrusion.
Composites based on two grades of polypropylene (PP) homopolymer produced by OOO Tomskneftekhim (PPH030GP and PPH270GP with MFI 230/2.16′ = 3 and 27 g/10 min respectively), ethylene propylene diene rubber (EPDM) of grade Royalen 563 with an ethylene content of 57 wt%, an ethylidene norbornene (ENB) content of 4.5 wt% and a Mooney viscosity of 83 (ML (1 + 4) 125°C), and mineral filler, very fine Luzenac jetfine 3CA talc with an average particle size of 1 µm and a maximum size of 3 µm, were manufactured and investigated.
The peroxide initiator employed was 1,4-bis(2-tert-butylperoxyisopropyl)benzene applied to CaCO 3 (grade Luperox F40; Arkema, France) in the presence of peroxide modification coagent trimethylolpropane trialkylate (TMPTA).
The mixing of the ingredients of the composites was conducted on an LTE-20/44 twin-screw extruder at a maximum temperature in the different zones of the barrel of 230°C. The rubber and talc were introduced into the composite in the form of pre-prepared master batches in polypropylene with contents of 40 and 50 wt% respectively.
The main characteristics of the three-component PP/ EPDM (20%)/talc composites with a polymer base of polypropylene grades with different molecular weights (or MFIs) are given in Table 1 . It can be seen that composites based on PPH030GP polypropylene possess a better combination of high-impact properties and rigidity by comparison with composites based on PPH270GP in a fairly wide range of talc concentrations. However, the melt flow of these composites is extremely unsatisfactory. For composites based on the higher-viscosity polypropylene grade PPH270GP, a fall in elastic and high-impact properties (elongation at break and Izod impact strength) is observed, and in this case the MFI of these composites remains at an insufficiently high level.
This reduction in impact strength and elasticity of composites based on high-viscosity polypropylene is quite consistent and is due primarily to the known reduction in the plastic deformability of the polymer with reduction in its molecular weight. Furthermore, as is known, reduction in the melt viscosity results in less effective dispersion of the rubber particles in the polymer matrix, which leads to the formation of a more coarsely dispersed blend morphology with reduced impact strength [4] .
Lowering to some degree the influence of the reduced molecular weight of polypropylene on the impact strength of the obtained composites is aided by a reduction in the melt temperature during compounding, which probably promotes a certain increase in the effectiveness of dispersion of the rubber in the PP melt through increase in its viscosity. But even this approach does not solve the problem of producing composites with an impact strength meeting the requirements laid down for the properties of modern bumper polypropylene composites (impact strength no lower than 450-500 J/m).
Given that it is difficult to achieve the necessary characteristics of the target composites by simple compounding of the initial components, investigations were conducted into using the method of reactive compounding of PP/EPDM/talc blends in the presence of a peroxide modifier and the combined action of peroxide and coagent TMPTA. The use of these modifier systems makes it possible, through the formation in situ of a sufficient amount of graft interpolymer compatibilisers of the PP-EPDM and PP-TMPTA-EPDM structure [6, 7] , to ensure the formation of blends of the required morphology.
To assess the possibilities of applying a peroxide/ TMPTA modifying system to talc-filled PP/EPDM blends, a number of composites with a different ratio of components of polymer phase and filler, both unmodified and modified with a 0.2 wt% peroxide Luperox F40 + 0.5 wt% TMPTA system, were manufactured and tested. Figures 1 and 2 present the results of testing composites based on PP of grade PPH030GP with different ratios of PP and rubber and different talc contents. As follows from Figure 1 , with increase in the talc content in the composition of the composites, there is a marked shift in the region of brittle-to-plastic transition towards higher EPDM concentrations. The maximum impact strength is observed when 10 wt% talc is introduced, and here its value exceeds that of a binary modified PP/EPDM blend (730 versus 620 J/m). Increase in the talc content in the composite leads to a certain reduction in the impact strength values. Here it is important to point out that, with increase in the EPDM content, a proportional increase in the talc content in the composite becomes possible without any significant reduction in its impact strength.
The MFI values of the investigated series of modified composites (Figure 2 ) decrease consistently both with increase in the EPDM content and with increase in the talc concentration.
Comparison of the characteristics of composites of similar composition, manufactured using high-viscosity grade PP by simple mixing and by reactive extrusion technology, indicates the promise of the application of the latter ( Figure 3) : with an equal MFI value, the impact strength of the modified composite is twice as high. This result, it seems, must be due to the formation of a bulky interphase layer at the rubber-polymer phase boundary owing to the formation in situ of PP-EPDM graft copolymer products [6, 7] , which promotes an increase in the overall volume of the zones of plastic deformation in the process of fracture of the material and increase in its fracture energy.
It is notable that omission of coagent TMPTA from the composition of the modifying formulation leads to an increase both in the MFI and in the impact strength of the material. The lower MFI in the presence of TMPTA is evidently due to its polyfunctional nature, which promotes the formation of higher-molecular-weight branched products of graft copolymerisation. As regards the impact strength values, here an adverse effect seems to be rendered by the polarity of the coagent used, promoting more intense interaction of the surface of the filler with the modified polymer matrix. As is known from the literature [8] , excess interphase adhesion lowers the fracture energy of the filled polymer.
The experimental results obtained (Figure 2) indicate that a modifying system containing 0.2 wt% peroxide and 0.5 wt% TMPTA cannot ensure acceptable flow (MFI no lower than 20 g/10 min) of talc-filled PP composites. In this connection, investigations were conducted into adjusting the composition of the modifying system for the case of a PP/EPDM (20%)/Jetfine 3CA talc (20%) composite. Figure 4 shows the change in the values of impact strength (curves 1-3) and melt flow index (curves 4-6) as a function of the content of the rubber and the peroxide vulcanising system. These data indicate that, even for composites with an MFI of about 24 g/10 min, with an increased EPDM/talc ratio, it is possible to achieve an impact strength of about 500 J/m. Thus, the obtained results demonstrate the possibilities of producing high-impact and high-flow talc-filled composites of polypropylene by the method of reactive 
